VASCULAR surgery had its first phase of great activity at the end of last century and at the beginning of this one.
THE OPERATION OF D1SOBLITERAT1VE ENDARTERIECTOMY1
Indications.-At the present time the indications for recanalizing endarteriectomy should be restricted to cases of arteritis of non-acute form and those not compensated by a sufficiently well-developed collateral circulation. For this reason we believe that before undertaking an operation of any kind a thorough investigation should be made in all cases of chronic arteritis and a prolonged course of medical treatment given for any general metabolic disorder. This should include rest, physical and mental, analgesics and sedatives, and repeated infiltrations of the lumbo-sacral sympathetic ganglia with 30 c.c. of 1/200 novocain to which 500 mg. of sodium nicotinate have been added. Endarteriectomy should only be considered after failure of a prolonged treatment by these methods. Obviously cases should not be operated upon when there are active and progressive lesions especially if these are present in several arteries. A good and very extensive arteriography into the free circulation is in our opinion practically indispensable to estimate these factors with sufficient accuracy.
Technique.-The coagulation time measured on a vaselined slide is taken every ten minutes throughout the operation. It is necessary to inject sufficient doses of heparin to bring it to fifteen minutes during the time of exposure, incision and clearing of the artery and to bring it to above thirty minutes as soon as the clamps have been tightened preparatory to suturing. We have not found a standard dose. The initial dose is about 25 mg. and the subsequent doses from 25 to 60 mg. repeated every twenty to forty-five minutes.
Incision.-The -methods of approach that we use for the limbs correspond with those customarily used and should give a good exposure of the whole thrombosed arterial segment with several centimetres at either end. For the femoral and upper half of the popliteal we use the single incision advocated by A. K. Henry and taught in France by Leriche [4] .
Clearance and incision of the artery.-A strip 2 to 5 mm. wide on the superficial aspect of the artery must be completely cleared of all adipose cellular tissue and of all small venules and arterioles which sometimes cross it. The adventitia should be carefully preserved. Important collaterals are treated similarly and a guide suture placed under them. Above and below the obliterated segment a Louis Bazy clamp, rubber shod, is placed on the artery but it is not tightened at this stage (Fig. 1 ).
The artery is now opened longitudinally with a scalpel for a distance of 4 to 6 cm. and the thrombus exposed. On the lips of this incision a plane of cleavage is sought with a pair of closed blunt scissors curved on the flat (Fig. 2 ). It is generally found between the external elastic limiting layer and the media. The necrosed media, the internal elastic limiting layer and the intima adhere to the thrombus and are removed with it. Only the living external elastic limiting layer and the adventitia are retained. Thus the operation in its separation of the dead from the living tissues may be likened to a sequestrectomy. The plane of cleavage is next defined by blunt dissection around the thrombus and to its upper and lower limits, the arterial incision being progressively extended with the scissors over its whole extent ( Fig. 3 ).
At the orifice of each collateral the plane of cleavage is momentarily lost as the thrombus extends for a few millimetres into the collateral. When this has been disengaged either by gentle traction or by separation with a blunt probe introduced into the collateral, blood begins to flow from the liberated orifice. The collateral is then clamped with a Carrel's clamp or traction is made on the guide suture previously put in place.
It only remains to complete the endarteriectomy above and below by cutting through the inner arterial coats in a healthy zone, making sure that no fringe is left projecting into the lumen. Before doing so the Louis Bazy clamps at each end of the arterial incision are tightened. They are momentarily released before the suture is commenced to confirm the completeness of the disobliteration as shown by a rhythmic flow of blood from the proximal end and a continuous one from the distal end. This also serves to wash away any debris.
After completion of the endarteriectomy the exposed bluish-white limiting layer has a pearly appearance upon which are points of blood oozing from the vasa vasorum. Here and there a few islands of muscle-coat remain. These are only removed if not too adherent.
Throughout these manipulations the arterial bed must be very frequently irrigated with normal saline containing 500 mg. of heparin per 100 c.c. Gloves, instruments and suture material are kept moistened with the same solution throughout the stage of arterial suture.
Arterial suture.-Black silk 00000 is used either mounted on atraumatic Decknatel needles, straight or curved, held in a modified ophthalmological needle-holder; or the special needle devised by us may be used (Fig. 4 ). Two layers of continuous suture are employed. The first takes the external limiting layer and the adventitia and everts the edges. The stitches are introduced about 1 5 mm. apart. This may be done over a fine rubber tube which also serves for perfusion with heparin solution. It is withdrawn as the suture line is completed.
IA film was shown illustrating the operative technique, arterio-phlebographic control and postoperative results.
A second continuous suture taking adventitia and some areolar tissue buries the first (Fig. 5 ). The clamps are now removed from the collaterals, the distal end of the artery and the proximal end in that order. The slight ooze from the suture line ceases as the suture tightens under the influence of the returning intra-arterial blood pressure. A few interrupted reinforcing stitches may be required here and there. -The inner surface of the external the internal coats, to be resected with the thromelastic limiting layer is thoroughly exposed and bus which they enclose and to which they adhere, carefully examined. Endarteriectomy will only and the external elastic limiting layer which is to be proceeded with when this layer is viable and be retained with the adventitia. of normal appearance. is not yet sutured. On the left the second layer of suture is in progress. In the centre a short segment of the first layer of suture has not yet been invaginated by the second layer.
Closure of the wound. Haemostasis is carefully attended to. A corrugated rubber drain is placed near but not touching the artery. The wound is closed in layers.
Post-operative care.-Though blood-loss at operation is very slight, fluid and protein loss should be made good by transfusion. Intravenous heparin is continued meanwhile and for a the next three or four days to keep the coagulation time at about fifteen to twenty minutes. Thereafter heparin is administered subcutaneously in diminishing doses until the coagulation time returns to normal about the twelfth day.
RESULTS OF OPERATION
Either immediately or in the course of forty-eight hours peripheral pulses become perceptible and the skin becomes warm and of good colour. Very often, when before operation it seemed certain that even in the event of success, one or several toes would require to be amputated, we have been happily surprised to see their teguments dry, blacken and be thrown off and complete healing to follow. In every case these patients obtain complete relief from pain from the first night following operation, however severe it may have been previously.
On several of our specimens Professor Champy and Mademoiselle Demay were able to demonstrate that from the time that the arterial circulation was re-established, the denuded surface of the external limiting layer became rapidly apd completely lined by a layer of leukocytes. From the collaterals and from the upper and lower ends of the main artery, the intima grows again, progressively replacing the lining of leukocytes. It appears to be fully reformed after about a month (Fig. 6) . Post-operative arterio-phlebography in the free circulation shows restored permeability of the endarteriectomised segment and a distinct improvement in the rate of appearance of the opaque medium in the distal arteries and in the veins.
In spite of these reassuring observations we have never been led to believe that arteritis, a systemic disease, could be considered cured following such local reconstructions. Later ischfemic complications have, up to the present, rarely been relapses but have occurred at other sites. Moreover, even when new thromboses have occurred at the original site or elsewhere, many of the patients have maintained a satisfactory clinical improvement. This has doubtless been due to the vasodilator effect of the resection of the intra-mural nerve elements int endarteriectomy. However, we believe they have proved that with modern anesthetics and methods of averting shock (1) Long arterial sutures on the abdominal aorta, the iliacs and main arteries of the limbs can be made with reasonable safety. (2) Resection of the intima, the sub-endothelial layer, the internal elastic limiting layer and the muscular layer does not weaken the arterial wall to a dangerous degree, provided that the external elastic limiting layer which is alone retained with the adventitia is in a healthy condition. (3) The regeneration of the artery after endarteriectomy is rapid and of good quality; this applies to the intima as well as to the total thickness of the wall. (4) The resection of the nerve elements included in the internal coats accounts for an effective neuro-endarteriectomy as indicated by clinical results and arteriophlebography in free circulation over the whole extent of the limb. (5) Using heparin only partially solves the problem of clotting during and after operation.
This difficulty still considerably limits the indications for this operation in cases other than those where the progress of the arteritis menaces life or necessitates amputation. It seems justifiable to conclude that the study of this operation, supported by long clinical and biological observations on thousands of patients suffering from arteritis, and by the comparison of several hundred arterio-phlebograms furnishes weighty evidence in favour of a single pathological origin of chronic arteritis and of spontaneously occurring aneurysmal dilatations of non-specific origin.
Many xetiological factors, psychic, endocrine, allergic, or in the nature of heteroand autointoxications are capable of initiating vasomotor disturbances which end in slowing down the capillary circulation. Depending on the intensity of the reaction on the vasa vasorum, this phenomenon results in changes in the arterial wall which vary between cedema, leukocytic infiltration and ischemia predominating in the media.
Lesions of an inflammatory character progress towards sclerosis. Those of an ischemic character progress either towards necrosis and dilatation if they are very active, or towards the deposition of lipoids and calcium if less acute. Changes in the intima secondary to such degenerations of the media predispose to the formation of intra-arterial clotting but are not alone sufficient to provoke it. We believe that this thrombosis may be precipitated by variations in the clotting time occurring under the influence of many different factors among which exogenous and endogenous toxemia are particularly worth mentioning. Lastly, vasomotor disturbances appear to be kept up by lesions of the arterial wall. They progress in bouts which are just as variable in their intensity as in their frequency.
Mr. A. Dickson Wright:
Dr. Reboul has shown in the film very adequately the technique of this valuable operation and has developed with Dr. Bazy the method recommended two years ago in London by Dr. dos Santos of Lisbon in his Hunterian oration. It is a remarkable thing that these arteries, sometimes solid cords of long-standing,-still have a medial coat from which a new artery can be constructed with heparin to prevent thrombosis until the media is lined with a new intima. The patient shown was relieved of claudication and impending gangrene and it is likely that many a leg will be saved by this new method which should be tried in any case with encouraging arteriograms.
Mr. Peter Martin: I must congratulate Dr. Reboul on his magnificent contribution to vascular surgery. It is interesting to note that the results have-been very much better where the larger arteries have been treated than where smaller vessels are concemed. My own opinion is that one could do quite a lot with the larger vessels, but as soon as the smaller vessels are at fault any operative treatment is nearly always followed by thrombosis.
I agree entirely with Dr. Reboul's remarks about heparin which does not seem to be the final answer to the thrombosis, although it is certainly a tremendous help in vascular surgery.
It would seem to me that in diffuse arteriosclerosis endarteriectomy would be of doubtful benefit as the disease is so generalized, but where the femoral artery particularly is blocked especially in younger people, a condition which has not a very good prognosis, the operation might be of great value.
Mr. J. B. Kinmonth: The success of this operation rests upon whether the vessel stays patent or becomes blocked by a new clot. Dr. Reboul's results show a worth-while proportion of successes and the patient whom he has shown us is a convincing proof of the value of the operation.
My experience of the operation is limited to one patient, a man of 30, with a four-inch clot in the femoral and popliteal arteries causing claudication at a hundred yards. This had not been relieved by sympathectomy, as so often happens when the larger vessels are involved. It was impossible to insert a homologous arterial graft as intended because the disease was found to extend further down the popliteal artery than the arteriogram had suggested. Endarteriectomy was done through three short longitudinal incisions. A plane of cleavage was formed using a Watson-Cheyne dissector and the yellow clot attached to part of the wall was removed. A surprisingly smooth surface remained inside the artery which was sewn up with an atraumatic needle and five zero silk.
The vessel pulsated well after the procedure was completed. One ofthe new coumarol anticoagulants has been given since operation but it is too early to say whether permanentpatency has been achieved.
The two points of interest were that the actual endarteriectomy was easy, leaving a smooth surface, and that the operation could be done without instruments specially designed for it.
One difficulty, and I think an important one, is that time and care must be spent in avoiding damage to collateral vessels.
We are most grateful to Dr. Reboul for a very stimulating hour and congratulate him on his important work and most interesting film.
